The Gamma Camera in Malignant Disease Although the gamma camera has been in use since 1964, only recently has there been a rapid increase in the number of instruments available in this country. The actual clinical use made of the gamma camera varies from centre to centre depending upon the confidence placed in the results obtained from them. While in some hospitals it is used exclusively for isotope diagnosis, in other hospitals it is used only as a second instrument and, in fact, in some hospitals examinations are repeated on a rectilinear scanner before a diagnosis is made. However, results from many centres throughout the world confirm that the camera can produce results which are equally as diagnostic as those from the scanner.
Although it is unusual to precede discussions on the clinical value of X-ray techniques by a description of the apparatus, nevertheless it is still useful in the case of the gamma camera to help demonstrate the advantages and disadvantages of this instrument. The detector of the gamma camera consists of a large NaI(Tl) crystal 7-13 inches (18-33 cm) in diameter by 0.5 inch (12 mm) thick. The crystal is viewed by a series of lightsensitive photomultipliers which, through suitable electronic processing, produce x and y positioning pulses with a z pulse which is related to the energy of the gamma rays producing interactions. The position of each gamma ray interaction is reproduced as a small light flash on a cathode ray tube which is photographed over a suitable period of time. A pulse height analyser ensures that only events which come from the radionuclide under study result in scintillations on the cathode ray tube. Since the whole organ is viewed simultaneously, the information is accumulated more rapidly than could be achieved with a single or dual crystal moving detector system. In the latter system only a small area within the organ is seen at any particular time. In practice, however, the time advantage with the gamma camera is gained only if high activities of short-lived isotopes are used. With lower activities, the display characteristics of the rectilinear scanner produce, overall, a better picture of small increases in radioactivity.
In gamma camera studies a parallel-hole, diverging or pinhole collimator can be used. Thus the camera in general tends to visualize radioactivity close to the detector with best resolution. In the moving detector systems the focused collimator produces best resolution at a given depth.
From the radiographer's point of view, the gamma camera is particularly easy to use. A total count or time is preset and the start button pressed. The cathode ray tube is photographed until the preset time or count is reached, when the device stops automatically. At the end of the exposure a Polaroid print or other type of photographic film is developed. Typical exposure times vary from 30 seconds for a liver scintigram up to 6 minutes for a brain scintigram. The mobility of the detector head enables it to be angled relative to the patient. This is particularly useful in patients with malignant disease who may be quite ill and unable to lie or sit up. Such patients can be examined in virtually any position.
Dynamic Studies
The large detector is particularly useful for viewing radioactivity moving from one part of the body to another. This enables a variety of dynamic studies to be performed. These include the study of the brain, heart, lungs and kidneys, as well as the large vessels. With the addition of a suitable storage device it is also possible to study quantitatively the variation of radioactivity at any point in an organ. Such storage devices may be relatively simple, such as a tape recording system, or involve the use of a programmable or hard wired computer (Bentley et al. 1971) . With such systems it is possible to produce serial pictures as well as graphical or digital displays of the variation of localized uptake with time.
A simple photographic camera may also be used to record changing distribution of activity. However, with this simple approach it is difficult to judge the correct oscilloscope intensity setting or time intervals prior to the examination. In general, for dynamic studies to be successful it is necessary to administer higher activities than is usual in this country.
In summary, then, the advantages of the gamma camera are: (1) A detector movable in all axes.
(2) High-speed imaging.
(3) The ability to carry out dynamic studies. (4) The production of quantitative data.
The previous disadvantage of the gamma camera in being unable to relate features on the scintigram to landmarks on the patient has now been overcome (McCready & Newbery 1969) . It is now possible to transfer lines or points on to the actual scintigram. The limited field size is a problem but the other advantages of the gamma camera outweigh this drawback. Probably most criticism of the gamma camera centres upon the poor display, particularly when it is compared with the output from the rectilinear scanner. In several situations full-size pictures with suitable contrast enhancement are necessary before a firm diagnosis can be made.
Thyroid
Experiments carried out comparing a gamma camera with a pinhole collimator with a typical fine focus collimator on a 3 inch (8 cm) detector rectilinear scanner show that both devices have equal ability to display hot and cold areas of the same size. If equal periods of time are spent over the examination, then there is slightly more information in the gamma camera pictures . The camera, with its lack of contrast and background subtraction, tends to produce better pictures ofcold lesions. However, while the facility of working with the preset count can produce pictures even with very low concentrations of radioactivity in the thyroid, care has to be taken when a localized hot area is present. In this situation the remainder of the gland may not be visualized, so that false positives are produced. In such cases it is better to work on a preset time sufficient to accumulate enough counts from all parts of the gland.
In patients with proven functioning thyroid carcinoma, whole-body surveys are necessary. Here there seems to be a definite advantage in using a rectilinear scanner with its full-size display, rectangular pictures and good contrast enhancement. With dual-headed rectilinear scanners there is also the additional advantage of uniform response to lesions at varying depths.
Liver
On theoretical grounds, the gamma camera should have an advantage over the scanner since the overall movement of the liver during a camera exposure is less. However, clinical trials so far have shown little actual difference in diagnostic accuracy (Patomaki & Rissanen 1969) . Nevertheless such trials are fraught with the difficulties of interpretation and personal preferences for large or small pictures. From the practical viewpoint, the camera is definitely superior to even modern rectilinear scanners. With ggTcm colloid in adequate activities it is possible to take the image in less than 30 seconds. Thus multiple views can be taken in a few minutes, improving the chances of finding tumours in all parts of the liver (McCready 1969). Therefore, since the liver scintigram involves little more effort than a chest X-ray, there is no reason not to carry out screening scintigrams in all cases where metastases might be possible prior to major surgery or irradiation (Dovey & McCready 1971) . Although the small pictures produced on Polaroid prints are unimpressive, in experienced hands it is unlikely that this affects the overall diagnostic rate Pancreas The only pharmaceutical available for pancreas scanning (75Se-selenomethionine) concentrates in both the liver and the pancreas; thus pancreas imaging has basic difficulties due to overlap of the pancreas by the liver, low concentration of activity in the pancreas and small bowel concentration of radioactivity With little extra expense a double isotope method can be used on the rectilinear scanner to demonstrate the pancreas by itself (McCready & Cottrall 1971) . Our experience to date has shown that the rectilinear scanner produces very clear pictures of the normal pancreas. In disease more often than not the pancreas is not visualized at all. By using the double isotope method this state can be diagnosed with confidence since there is no chance of the pancreas being hidden behind theliver. Thegamma camera has been used both with 75Se-selenomethionine alone and (at considerable extra expense) with the double isotope method (Blanquet et al. 1968 ). An advantage of the gamma camera in both cases is the ability to carry out a dynamic examination showing the movement of selenomethionine through the liver. This may overcome the difficulty of diagnosing space-occupying lesions in the body of the pancreas. Due to the low counting efficiency of the camera system, the examination occupies a time similar to that required by the rectilinear scanner. For double isotope work the pictures produced by the rectilinear scanner are probably better due to their large size and contrast enhancement. However, if the liver and pancreas do not overlap, the gamma camera with selenomethionine alone is probably satisfactory for most diagnostic purposes.
Spleen
The gamma camera can be used to image the spleen satisfactorily, with both the short-and the long-lived isotopes. With "9Tcm colloid brief exposures are required to produce pictures with relatively high resolution. Posterior views yield the best results although overlap by the liver can produce confusion. Na2r" CrO may be used as the red cell label, but there is little time advantage with this radiopharmaceutical and the choice between the camera and the scanner then depends on whether full-size pictures are required to give quantitative estimates of spleen size.
Kidneys
As in other organs, the best images are produced by the use of high activities of a pharmaceutical labelled with a short-lived isotope. However, when a tumour is suspected, radiological methods generally yield more information than the equivalent isotope imaging techniques. The gamma camera is more useful for the study of renal function or perfusion. Serial pictures may be taken following the administration of 181.I-Hippuran and this can show detailed distribution of the function of the kidneys. With suitable data analysis equipment, renogram curves can be constructed from either the whole kidney or parts of the kidney. If necessary, blood background subtraction can be applied to the curves with the aid of a computer. The value of renography in malignant disease has been detailed in several publications (Britton & Brown 1969 , Green et al. 1969 . With the gamma camera it is possible to define the kidneys more accurately and therefore produce more) accurate and detailed renograms than with the less expensive three or four probe renography system. Thus, with the camera, greater confidence can be placed upon the results. Without complicated data analysis, qualitative pictures can also be useful. For example, the dynamic study of renal perfusion can help in the differentiation of cysts from tumours and demonstrate overall renal perfusion (Black etal. 1968 ).
Skeleton
Whole-body surveys with a variety of boneseeking isotopes have been used, both to detect suspected metastases and also to screen patients for secondaries prior to major surgery or radiotherapy (Galasko 1969) . The disadvantages of the camera for this purpose are in the small display complicating the localization of lesions, the circular field making synthesis of whole-body pictures difficult, and the lack ofcontrast enhancement. Obviously, provided equal diagnostic rates can be achieved in equal times, the choice between the camera and the scanner depends then upon the preference for a particular type of display. It seems likely that for some time large whole-body scanners will be preferred to the gamma camera, at least for screening purposes. On the other hand, for bone examinations in cases of localized pain, the versatility of the gamma camera is extremely useful, enabling images to be taken with the patient lying supine or sitting up, or laterally.
Conclusion
The part played by the gamma camera in the detection of malignant tumours has been underestimated in the past. Its advantages of having a versatile detector and high speed of operation are extremely useful, particularly in studying patients ill with malignant disease. It is hoped that the next few years will bring the development of newer cameras with higher resolution enabling us to see much smaller tumours than is possible at the present time, while retaining the advantage of fast imaging. An improvement in the present display at a reasonable cost would give the use of the camera a definite and valuable impetus.
